Understanding potential determinants of change in television (TV) viewing among children may enhance the effectiveness of programs targeting this behaviour. This study aimed to investigate the contribution of individual, social and home environment factors among 10-year old Australian children to change in TV viewing over a 21-month period. A total of 164 children (49% boys) completed a 19-lesson (9-month) intervention program to reduce TV viewing time. Children completed self-administered surveys four times over 21 months (pre-and post-intervention, 6-and 12-months follow-up). Baseline factors associated with change in TV viewing during the intervention and follow-up periods were: 'asking parents ≥once/wk to switch off the TV and play with them' (21.6 mins/day more than those reporting <once/wk, p = 0.007); being able to 'watch just one hour of TV per day' (26.1 mins/day less than those who could not, p=0.010); 'watching TV no matter what was on' (36.6 mins/day more than those who did not, p<0.001); and 'continuing to watch TV after their program was over' (33.0 mins/day more than those who did not, p=0.006). With every unit increase in baseline frequency of TV viewing with family and friends, children spent on average 4.0 mins/day more watching TV over the 21-month period (p=0.047).
INTRODUCTION
Several studies have found evidence of positive associations between children's television (TV) viewing and overweight and obesity (1) (2) (3) (4) (5) . There is also evidence of inverse associations between fruit and vegetable intake and TV viewing, and positive associations of soft drink consumption, sweet and savoury snacks and takeaway foods with TV viewing among children (5, 6) . Studies have found that TV viewing tracks from childhood to adolescence (7); sometimes more strongly than physical activity (8) . In addition, there is evidence that those who have been identified as high TV viewers in childhood are more likely to be overweight/obese, have poor fitness, smoke and have elevated cholesterol in adulthood (9) .
Concerns about the relationship between TV viewing and children's health are such that paediatric medical associations in the US and Australia and also the Australian government have recommended that children spend no more than two hours per day watching TV and videos, using the computer/Internet and playing electronic games (10, 11) , particularly during daylight hours (12). On average, Australian children spend 2.5 hours/day watching TV (13) and although there are no population prevalence data for the proportion of children meeting these recommendations, two large studies of 1200 and 1560 children in metropolitan Melbourne have reported that 59% and 75% of children (respectively) exceeded two hours/day watching TV (5, 14) . It is therefore important to develop and test strategies for reducing the time that children spend in these sedentary behaviours.
Only a small number of interventions to reduce children's TV viewing have been published.
Four studies delivered an intervention program in the school or pre-school setting (15) (16) (17) (18) , two in the primary care setting (19, 20) , and one in the family/community setting (21) . All reported varying degrees of success in reducing TV viewing; however, few examined potential determinants of change in TV viewing behaviour. One study reported no difference in TV viewing at baseline among children who did or did not have a TV set in their bedroom (18) ; however associations with intervention effectiveness on TV viewing over time were not examined. Social ecological models hypothesise that behaviour is shaped by individual or personal, social and physical environment factors (22) . The family and peer social environment is likely to be an important influence on children's ability to reduce their TV viewing. For example, a cross-sectional study has found that boys who watched TV several times/wk or more with their family watched significantly more TV per day than those who did not engage in frequent family viewing (14) . Of concern, a recent cross-sectional timeuse study of more than 1700 children aged 0-12 years in the US found that the time children spent watching TV with or without parents or siblings was inversely associated with time spent interacting with parents or siblings in other activities (23) . Individual factors, such as children's self-efficacy for reducing TV viewing, behavioural capability, or perceived autonomy in choosing activities during free time may also be important determinants of behaviour change (24) .
Understanding potential determinants of change in TV viewing among children may enhance the effectiveness of programs targeting this behaviour. Therefore, this study aimed to investigate whether selected individual, social and home environment factors differentiated changes in TV viewing during the course of an intervention delivered over nine months, with 6-and 12-months (21 months in total) follow-up among 10-year old Australian children.
METHODS

Participants
A group randomised intervention was conducted over a 9-month period between March and December 2002; the methods have been reported in detail elsewhere (25) . Children were recruited from 17 classes at three schools in low socioeconomic areas of Melbourne, and were randomised to one of four conditions: a Behavioural Modification condition (BM); a Fundamental Motor Skills condition (FMS); a combined BM/FMS condition; and a comparison usual curriculum condition (C). The BM program (received by the BM only and combined BM/FMS groups) received material delivered in 19 lessons which aimed to reduce children's television viewing and other screen-based behaviours, and also helped children identify physically active alternatives in which they could participate at home or in the community. The FMS program, also consisting of 19 lessons, was delivered to the FMS only and combined BM/FMS groups and targeted mastery of six fundamental movement skills.
In the intervention, only children who received the BM program were encouraged to reduce their TV viewing. Given this, we were interested in whether the response of children who 
Television viewing
At each time point, children reported their usual time (hours/mins) spent watching television/videos/DVDs on Monday-Friday and Saturday-Sunday in a typical week during the last month (not including school holidays). In a previous study, the convergent validity (Rho) of children's self-reported TV viewing time and parents' proxy-reported TV viewing time using these items was 0.61 (14) . Time spent watching TV/videos/DVDs was summed and divided by seven to calculate the average minutes per day in this behaviour.
Home environment
The total number of TVs in the house, and whether there was a TV in the child's bedroom, (yes/no) were used as indicators of the child's TV 'home environment' (14) .
Social environment
Children were asked to report how often in the last month (don't know/doesn't apply; never, 1-2 times in the last month; once per week; several times per week; daily) they watched TV/videos/DVDs with family (reported separately: whole family together; father; mother; grandparents; siblings) or with friends (14) . We hypothesised that children who frequently watched TV with many people (i.e., watch TV several times per week or daily with siblings, parents, grandparents, friends) would watch more TV than children who frequently watched TV with just one person, therefore these six items were recoded (frequency score per family member or friends watched TV with:: 0, 0, 0.5, 1, 2.5, 7) summed and divided by six (the total number of items) to generate an average frequency score (possible range: 0-7).
Children also reported how often in the last month (don't know/doesn't apply; never, 1-2 times in the last month; once per week; several times per week; daily) they had asked their mother or father to: switch off the TV and do something else with them; to watch TV/videos/DVDs with them; or to hire a video/DVD for them. These items were collapsed into two categories: never/rarely; or once/wk or more.
Self-efficacy for reducing TV viewing
Children were asked to report (yes, no, don't know) whether they could watch less TV than would have more time for other things; I could play more outside; I could play with my friends more), and three negative beliefs (eg, it would be boring; I would have nothing to do) about reducing TV viewing. These were summed into a 'positive beliefs' about reducing TV score (dichotomised at the median) and a 'negative beliefs' about reducing TV score, dichotomised based on the distribution of the data (0, ≥1).
Behavioural capability
Children were asked to report whether they believed they could watch TV for just one hour every day (collapsed into two categories: yes, no/don't know); and if unable to watch TV for a week how many shows would the child hate to miss (dichotomised at the median: 0-4 or >4 shows). In addition, children responded to a series of 7 items about which of the following is true for them when they watch TV (always, most of the time, sometimes, never). For example, 'I continue to watch TV even after the program I wanted to watch is 
Autonomy of choice
Children reported how often (always, most of the time, sometimes, never) they decide what they are going to do: straight after school; after dinner; and on weekends. Each of these items was collapsed into: always/most of the time; or sometimes/never.
Demographic characteristics
Children reported their sex, date of birth, school grade and school.
Procedure
The intervention program has been described in more detail elsewhere (25) . Briefly, children in the BM and BM/FMS group followed a curriculum-based 19 lesson program, delivered over a 9-month period, designed to assist in reducing the time spent watching TV using behavioural modification techniques such as: awareness raising through self-monitoring; behavioural contracting (shaping reductions in TV viewing); and reinforcement (using intermittent rewards such as water bottles, Frisbees, stickers) for achieving set goals.
Children were taught about selective viewing (ie, selecting the TV program they want to watch, watching it and turning the TV off when the program is finished); participating in more active alternatives (children created their own active games they could do at home or in the community); and behavioural mapping techniques were used to increase awareness of the neighbourhood environment and potential barriers to physical activity.
Statistical analysis
Data were analysed using Stata Ver8.0. The mean (SD) mins/day spent watching TV at each of the four time points is presented for each of the individual, social and home environment predictor variables. Generalised Estimating Equations (GEE; xtgee function in Stata) were used to examine whether children's television viewing (mins/day) varied over time An advantage of this statistical test is that it accommodates missing data, rather than excluding participants who have data missing at one or more of the time points. All binary predictor variables that were significantly associated with TV viewing mins/day were plotted as crude means (SE). All significant predictor variables at the bivariate level were entered into a multivariable model. Tests for collinearity found that none of the significant predictors were correlated at >0.48, therefore all were retained in the model. All GEE analyses were adjusted for clustering by school class (the unit of randomisation for the intervention). Insert Tables 1 and 2 about here Significant differences were found, however, in changes in TV viewing among children who at baseline reported asking their parents once/wk or more to switch off the TV and play with them compared with children who reported never/rarely asking their parents to switch off the TV and play (mean difference 21.6 mins/day in change score over time between groups) ( Figure 1 ). Children who reported at baseline that they believed they could watch just one hour of TV per day (see Figure 2) watched TV for an average of 26.1 mins/day less over the 21-month period than children who did not feel they could watch just one hour per day.
RESULTS
One
Insert Figures 1 and 2 about here
Children who reported watching TV no matter what was on spent on average 36.6 mins/day more in TV viewing over the 21 months compared with children who did not watch TV no matter what was on (see Figure 3) . Figure 4 shows that children who reported continuing to watch TV after their program was finished also spent more time watching TV (33.0 mins/day) over the 21-month period compared with those who did not continue watching.
Finally, with every unit increase in the average frequency of TV viewing with family and friends, there was a 4.0 mins/day increase in watching TV over the 21-month period (data not plotted as predictor is a continuous variable).
Insert Figures 3 and 4 about here
After all five significant predictors were entered into a multivariable model; only two variables remained significantly related to changes in children's TV viewing. Children who reported asking their parents to switch off the TV and play with them spent on average 19.9 (95%CI: 8.2 to 31.6) mins/day more in TV viewing over 21 months compared with children who reported never/rarely asking their parents to switch off the TV and play. Children who believed that they could watch just one hour of TV per day spent on average -26.8 (95%CI: -50.4 to -3.2) mins/day less time watching TV over the 21-month period than children who did not believe they could watch just one hour per day.
DISCUSSION
This study aimed to identify the contribution of individual, social and home environment factors on changes in children's TV viewing time over a 10-month intervention and 6-and 12-month follow-up period. Individual and social factors were bivariately associated with changes in children's TV viewing time, and only individual factors (behavioural capability for watching just one hour of TV per day; and asking parents to switch off the TV and play)
were associated with changes in TV viewing in the multivariable model. Factors in the home environment, such as having a TV in the bedroom and the total number of TVs in the home, were not associated with changes in children's TV viewing. It is also notable that although the children in this sample were in a behavioural modification intervention to reduce TV viewing, on average the mean reported TV viewing time increased over the 21 months. This is in contrast to our previously reported process evaluation post-intervention data that approximately 75% of children perceived the Switch-Play program had positively influenced their TV viewing (25) , suggesting an optimistic bias or socially desirable response to that question.
Children who reported that they had asked their parents at least once/wk or more to turn off the TV and play with them spent on average 20 mins/day more watching TV over the 21 months compared to those who did not ask their parents to do this. It may be that parents of children who never or rarely requested they do this were themselves high TV viewers, accounting for children's frequent requests to switch off the TV and play. Children with parents who watch high amounts of TV are more likely to be high TV viewers themselves (14, 27) . Further, it does not appear that children's frequent requests to turn off the TV and play were met by those parents. If such requests were successful these children would be unlikely to watch more TV than other children.
A further aspect of the social environment that was related to change in children's TV viewing over 21 months was the average frequency that children reported watching TV with family and friends. Higher frequency of TV viewing with family and friends at baseline was associated with greater TV viewing over the 21-month period. Cross-sectional associations have been reported between the frequency that families watch TV together and higher levels of TV viewing among boys (14) . Longitudinal positive associations have also been found between parents who watch TV with their child and girls' TV viewing (27) . However, a further cross-sectional study found that boys with siblings watched significantly less TV than boys without siblings (28) . Understanding the dynamics of TV viewing in families may be critical to the success of interventions to reduce TV viewing among children, particularly when the intervention requires behaviour change in the family setting.
Although positive and negative beliefs about TV viewing, autonomy of choice over what children do after school, before dinner, and on weekends, and self-efficacy for reducing TV viewing were not significantly associated with changes in TV viewing over time, children who reported high behavioural capability for watching just one hour of TV per day spent less time on average watching TV compared with children who did not feel they could watch just one hour per day. A previous intervention to promote children's physical activity and eating behaviour among children found that increases in perceived behavioural capability for exercise were matched by corresponding increases in children's physical activity behaviour (29) , suggesting that targeting behavioural capability may be important for effecting health behaviour change among children. 
